Structure-function studies of Na,K-ATPase. Site-directed mutagenesis of the border residues from the H1-H2 extracellular domain of the alpha subunit.
It has recently been shown that replacement of the border residues (Gln-111 and Asn-122) of the H1-H2 extracellular domain of the sheep Na,K-ATPase alpha subunit with the charged amino acids Arg and Asp generates a ouabain-resistant enzyme (Price, E. M. and Lingrel, J. B. (1988) Biochemistry 27, 8400-8408). In order to further study structure-function relationships in Na,K-ATPase, six additional mutations have been made at these border positions. Two of these mutants were single amino acid substitutions (Gln-111 to Arg or Asn-122 to Asp). These mutations change one or the other H1-H2 border residue to a charged amino acid. The remaining substitutions were double mutants in which both of the H1-H2 border residues were simultaneously changed to charged amino acids. Changes were made which introduced either positively charged amino acids (Lys at positions 111 and 122), negatively charged amino acids (Glu at positions 111 and 122) or oppositely charged amino acids (Lys at position 111 and Glu at 122; Asp at position 111 and Arg at 122) at the borders of the H1-H2 extracellular domain. HeLa cells transfected with any of these sheep Na,K-ATPase alpha subunit mutants were able to grow in concentrations of ouabain that were toxic to untransfected cells or cells transfected with the wild type sheep alpha subunit. Crude membranes isolated from the transfectants were analyzed for ouabain inhibitable Na,K-ATPase activity. All of the transfectants contained a relatively ouabain-resistant component of enzyme activity, with the ouabain I50 values ranging from 4 x 10(-3) M to 1 x 10(-6) M. The most resistant enzyme was the double mutant that contained Asp at position 111 and Arg at 122, whereas the least resistant were the enzymes containing the single amino acid substitutions. There was no correlation between the type of charged amino acid present at the border position and the degree of ouabain resistance. These data demonstrate the functional importance, in terms of ouabain binding, of the border positions of the H1-H2 extracellular domain of the Na,K-ATPase alpha subunit.